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Insulin derivatives having a charge which is positive 
compared with the charge of human insulin at neutral pH, can be 
used to prepare solutions having prolonged insulin action. In 
the hovel insulin derivatives, a ba§ic amino, ac.id} has been 
substituted in the B27-posit:ion and/or a neutral amino acid has 
been insertecJ in the A4-, A17-/ B13- and/or B21-position . 
Furthermore, the C-terminal carboxyl group of the B-chain has 
been blocked with an ami'do or ester residue. 

Claim. 

1. Compounds of the general formula I 

A(l-3 ) -E-^-A<5-6)-Cys-A(8-16)-E^-A(18-19) -Cys-Asn 

I 

S S 

I 

s s 

I . 

B(l-6)-Cys-B(8-12)-E-^-B(14-18)-Cys 

- .... ' 

R-Z -Y -Lvs-Pro-X-B( 26-22 )-E^-Gly 
n m ' 

. . . / 



{ A-chain ) 



( I ) 



(B-chain) 



ND 



(11) ^\}'^'Sms/s6 

vherein the letters A and R followed by figures in parentheses 

designate the peptide fragments of the A- and B-chains, 

i 12 
respectively, indicated by the figures in parentheses, E , E , 

E^ and E^ are the same cr different each representing glutamic 

acid or a neutral amino acid residue which can be coded for by 

nucleotide sequences, X represents an L-threonine, L-arginine 

or L-lysine residue, Y and 2 are the same or different and each 

repref^ent an amino acid residue wherein any side chain amino 

group may be acylated and wherein any side chain hydroxy group 

may be alkylated, and m and n are the same or different and 

each represent zero or one, and R represents an amido or ester 

residue which blocks the C-terminal carboxyl group of the B- 

12 3 4 
chain, with the proviso that not all of E , E , E and E are 

glutamic acid residues, when X is a threonine residue, or, when 

12 14 
E , E , E and E each is a glutamic acid residue, and X xs a 

threonine residue, the group of formula -Y^-Z^-R represents 

-NH^ , -Arg-NH2/ -Arg-Arg-NH^ r -Arg-Lys-NH2 / -Dab-Dab-NH2 / 

-Dop-bap-NH2 / -Lys-NH2/ -Lys ( Lau ) ''NH2 # -Lys-Arg-NH2 / 

-Lys-Lys-NH2 / -Orn-NH2 or -Orn-Orn-NH2 - 

11* Injectable solutions with prolonged insulin 

action, characterized in that they contain a compound of the 

general formula I 

A( 1-3) -E-'--A{ 5-6) "Gys-A( 8-16) -E^-A( 18-19 )-Cys-Asn (A-chain) 

I I 
S S 

I !. 

S S (I) 



B( 1-6) -Cys-B( 8-12) -E^-Bv 14-18 ) -Cys 



R-Z -Y ^Lys-Pro-X-B(26-22)-E^-Gly 
n m •* ^ 



„(B-chain) 



./3 
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wherein the letters A and B followed by figures in parentheses 
designate the peptide fragments of the A- and B-chains, 

1 2 

respectively^ indicated by the figures in parentheses, E , E , 
3 4 

E and E are the same or different each representing glutamic 
acid or a neutral amino acid residue which can be coded for by 
nucleotide sequences, X represents an L-threonine, L-arginine 
or L-lysine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
group may be acylated and wherein any side chain hydroxy group • 
may be alkylated, and m and n are the same or different and 
each represent zero or one, ;and R represents an amido or ester 
residue which blocks the C-terminal carboxyl group of the B- 
chain, wi th the proviso that not all of E"'' , E^, E"^ and e"* are 

glutamic acid residues, when X is a threonine residue, or, when 

1 2 3 4 ' 

E , E , E and E each is a glutamic acid residue, and X is a 

threonine residue, the group of formula -Y -2 -R represents 

m n . 

-NH2 r -Arg"NH2 , -Arg-Arg-NHj , -Arg-Lys-NH2 / -Dab"Dab-NH2 ' 
-Dap-Dap-NH2 , -Lys-NH2 "^^^ ^ Lau) -NH2 , -Lys-Arg-NH2 ' 
-Lys-LyS"NH2 / -Orn-NH2 , •-Orn-Orn-NH2 / -Thr-NH2r -Thr-OBu^ or 
-Thr (Bu^) -OBu^. 

15. A process for preparing compounds of the general 
formula I stated in Claim 11, characterized in a) 
transpeptidating porcine insulin or a compound of the general 
formula II: 

B { 1- 12 ) -E^-B( 14-20 )-e'*-B( 22-26 ) -X-B ( 2 8-29 ) - ( Q^-R ) ^-A ( 1-3 ) - 
E-^-A(5-16)-E^-A(18-2i) .'ID 

wherein A and B designate the fragments of the A- and B-cnains 

indicated by numbers in parentheses, Q is a peptide chain with 

q amino acids, q is an integer from 0 to 33, R is Lys or Arg, 

1 2 3 4 

and r is zero or one and E , E , E , E and X each are as 
defined in Claim 11, with a compound of the general formula 



(11) ^\}-^-smsm 



-4- 



H-Y -2 -R ( III ) 

m n 

where Y, 2, R, m and n each are as defined above, and wherein 
side chain amino groups ^and hydroxy groups in Y and 2 
optionally are blocked with amino and hydroxy protecring 
groups, using trypsin or a trypsin like enzyme as a catalyst, 
or b) coupling a compound of formula IV 

A( 1-3 ) *E^-A( 5-6) -Cys-A( 8-16) -E^-A( 18-19 ) -Cys-Asn (A-chain) 



B ( 1-6 ) -Cys-B ( 8-12 ) -E-'-B ( 14 -18 ) -Cys 



Lys-Pro-X-B(26-22 ) -E^'-Gly 



(IV) 



(B-chain) 



wherein E^, , ^ E^ and X each are as defined in Claim 11, 
with a_ compound of formula III by trypsin or a trypsin like 
enzyme. 
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TITLE: NOVEL PEPTIDES 



ABSTRACT ... i 



> ^Cv having, a chiarge which is positive 

compared :^ith the charge of human insulin at ; neutral pH, can be 
used €o prepar^ solutions having prolonged irisulin actiqnv\.In 
the naiv^i;i;nsulin derivatives, a basic ami no acid has been 
subs 1 1 tvi t ^ I in^:i the 82 7 -pbs i. t i on an d/or a ne u t r ^ 1 am i n o ' ac id : lia s 
been inserted in the A4-, A17-, 313- and/or B2i-position. , 
Furthermore,' the , C-terminal carboxyl group; of the B-chain hais 
been blocked .with, an amido or ester . residue . - '■■ '■^K-j.^i:-:;:;^:. 
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BACKGROUND OF THIS INVENTION •. ; 

The present invention relates to novel insulin 
compounds and to novel injectable solutions haying prolonged 
insulin action. 

5 In the treatment of diabetes mellitus, many varieties 

of insulin preparations have been suggested and used. Some of 
the preparations are fast . acting and other preparatioris have 
more or less prolonged actions. Usually, pharmaceutical insulin 
preparations with more or less prolonged action are desirable. 

10 SuchTa pr^ action may be obtained by administering the 

insulin as a suspension. of insulin crystals. The crystalline 
preparations can be obtained by crystallization of insulin in 
the pt^ zinc (such as Lente /; , see Schlichtkrull : 

Insulin Crystals /chemical and Biological Studies on Insulin 

15 Crystals and Insulin Zinc Suspensions, Munksgaard, 1958) or by 
crystallization of insul of zinc and 

protamine (such as NPH-insulin, see Rep.Steno Mem.Hosp. 1 

(i94&)-i: -eo) , - 7.; • \ ..- ^ ■/ 

■ :J;. :^-':r^'\:. One disadvantage in the use of the known suspensions 
20 ofj^zi^^ or of 4ino; pfptamine insulin is the 

. nebesiity of shaking the vial in prd^^ ensure that the 

correct amount; O is being injected and to -ensure that 

th4,|pn^ insulin in the -vial remains' constant 

thro^gliout its use In Penfi 11™ cartridges where air must be 
25 absent, prolonged; acting insulin suspensions require the 
incorporation of a solid body in the cartridge to enable 
agitation. The-shaking of insulin suspensions and insulin 
soiutions with air is in itself an undesirable process, as 
i^lul^^ has a tendency to denature under formation of fibrills 
3^0 Zj^J^water-air interfaces. Cohsequently , solutions 6^. insulins 
with prolonged action are desirable... 

jk. Solutions of insulin derivatives having a prolonged 

action was obtained from insulin that had been modified in its 
amino groups by reaction with phenyl i socyanate ( so-ca 1 led • I so- 
35 insulin, see Hal 1 as -Moe 11 er : Chemical ar.d Biological Insulin 
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Studies based upon the Reaction between Insulin and 
Phenylisocyanate^ Copenhagen 1945), Similarly, Al /B29-di-Boc 
substituted insulin (Boc designates, tertiary butyloxycarbonyl) 
was reported to show a prolonged intful in action after 
5 subcutaneous administration (see Geiger. & Enzmann in: 

Proinsulin, Insulin, C-peptide; Proceedings of the Symposium on 
Proinsulin, Insulin and C-Peptide, Tokushima 1978; Amsterdam- 
Oxford 1979, 306 - 310). -The Al , B29-di-Boc substituted insulin 
was found to exhibit a top slightly prolonged action to be 
10 clinically; useful / V - ' V 

Solutions :bf"unmodifi insulins require large, 
amounts of ! zinc ions {for example, 0.4 - 1 mg/U insulin) in 
order to-exhibit a prolonged action (see J ^Pharmacol . 55 
( 1935), 206) . Injection of such large doses of zinc ions will 
15 probably cause pain and such solutions have, therefore, never 
been used in therapy* 

The isoeleqtric point of insulin is about 5.5 and 
attempts have been made to decrease the solubility of insulin 
derivatives at neutral pH by shifting the isoelectric point 
1. 20 upwards, for example, through additions, in the N-terminus of 

the B-chain, of basic amino acids like lysine or arginirie- (see, 
for example, German Of f enlegungsschrif t No. 2,042 , 299 ) or with 
: the basic! dipeptide arginyl-arginine (see .G & Enzmann 

cited above). The solubility of the latter compound, 
25 Arg^^"^^-Arg^° insulin, near its isoelectric point was, 
however, much higher than that of the parent insulin. 

Japanese patent application No. 55-144032 relates to 
analogues to human insulin wherein the B30-amino acid has been 
replaced: by an amino acid having at least five carbon atcffns , 
30 and amides and esters thereof . These insulin analogues were to 
. be" used in patients .whp:.ha developed antibodies against.., 
mamma Itdft-^^^^^^ In the Japanese patent application, -a^^ 

specific compounds are described, none of which were stated to 
have prolonged action. No specific injectable preparations are 
35 described in the Japanese patent application. 



* « 
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-^Y \ ^ ^iEuro patent 'application No. 841Q8442 .9 relates to 

insulUn ahalog^^^ basic/ orgahic .group is attached to 

the B30-i^nino^^^ a. positive charge at 

■neutral pH. In these analogues, the B30-amino;acid is neutral 
5 and, pref erably , threonine as In human insulin. - German patent 
application No. 3,327,709.5 relates to a suspension of crystals 
of the derivatives described in the above-noted European patent 
applicatibh; as'well as an arpmatic hydroxy compound. German 
patent a^^ ^ medicament 

10 cbntaihinjg^^^^^ insulin .cpmpoun<as , at least 

one is descf ibed' iii the above-noted European patent 
application, f^; 

BRIEF STATEMENT OF THE INVENTION 

The present invention comprises novel analogs of 
15 human insulin that differ from human insulin by: 

a) presenje of an amide or ester residue on the C- 
terminal cairboxyl group of the B-chain and 

b) . having , at least /one ^^^c^ human insulin 
at pH 7, preferably not more than '4 charges mor^- than human 

20 insulin at pH;:7«;. 

; The/ change in charge is achieved by the blocking of 
the carboxylic group in the B3p amino acid and, -i desired, by 
substituting one or more of the amino acids compared with human 
insulin. . 

25 In specific, the compounds of interest to practice of 

this invention are characterizable as follows: One or more of 
the foui- glutamic acid residues at A4 , A17, B13 , B21 is instead 
another naturally occurring neutral amino aicid, preferably 
glutamine? and/or the threonrne residue at B27 is instead a 

30 naturally occurring basic amino acid residue, preferably, L- 
arginine or L-lysine; and/or the threonine residue at 830 is 
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instead one or two basic amino acid residues, one being 
preferred, and, trie; N terminal: cairboxy lie group in the B chain 

:'":-berng\;prbtectecl. ^'^r-, ./Y 

J': }:The i solutions of the above 

5 categorized human insulin analogs with a controlled level of 

zinc ions therein. The degree of prolongation of insulin action 

is enhanced and controlled thereby. 



DETAltiE.D;/PRACTICE .OF THIS . INyEIlTION 

' ? i r It has surprisinglj' been found that injectable 
10 solutions^ with a c^^ prolonged insulin action 

can be made usiri^V^s t a single insulin 

derivative having the general formula I 

A ( 1 - 3 ) -E^ -A ( 5 - 6 ) ^Cys -A ( 8 - 1 6 ) -E ^ -A ( 1 8 -1 9 ) -Cy s -A s n ( A - ch a i n ) 



15 / ;;: •• -.s. 



(I) 



B( 1-6) -Cys-B( 8-12 ) -E^-B (.14-18 ) -Cys 

, 20 ■ •/ • ■ ' ■ ' ' " '■ ' 

■ ■- ^- R-z -y ■-Lys-Pro-X-B(26-22 )-E^-Gly 

n m 

wherein the letters A and B followed by figures in parentheses 
designate the peptide fragments of the A- and B-chains, ^ ^ 
• respectively, indicated by the figures in parentheses, E , E , 
.:25 E-' and E^ are th^ '^^iune or different each representing glutamic 
3icid pr a neutr.ar.;"ajnino acid residue which can be coded for by 
JiuVleotide sequences, X represents an L-threonine, t-arginine 
jor L-ly^ine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
30 group may be acylated and wherein any side chain hydroxy nroup 
may be alky]at-ed, and ir -r.-.i n are the F^-.ine or different 



( B-chain ) 
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each represent zero or one, and R represents an air.ido or ester 
resid:u^:rwhich blocks the C-terminal carboxyl group of the B- 
cH^^^ that not all of E , E , E and E are 

glXataMc acid residues, when X is a threonine residue or, when 

5 E^, E^, E-^ and E^ each is a glutamic acid residue, and X is a 
threonine residue, the group of formula -Y^^-Z^-R represents 
-NH2 ,- -Arg-NH2 , -Arg-Arg-NH2 , -Arg-Lys-NH2 , -Dab-Dab-NH2 , 
-Dap-^bap,^^^ -Lys-NH2r- -Lys(Lau)-NH2, -Lys-Arg-NH2 , ^ 
.-LysS|i'^H|^^ H3rn-NH2, : -Orn-Orn-NH2, -Thr-NH2 , -Thr-OBu or 

0 -Thr(Bu-)^b designates lauroyl and Dab and Dap 

repr^eh^W''ti-^ Y-dia^ ^cid and q , B-diaminopropioic 

ac id , : , respeict ively . 

J^. : :-'^^3^ df compounds of formula I is novel 

compounc3s having the general formula I wherein the letters A 

15 and B followed by figures in parentheses designate the peptide 

fragments of. the A- and B-chains, respectively, indicated by 

the figures; in parentheses, E^, E^ E^ and E^* are the same or 

different each representing glutamic acid or a neutral amino 

acid residue 'which can be coded for by nucleotide sequences, X 

0 represents an. L-threonine,,L-arginine or L-lysine residue, Y 

and the same or different and each represent an amino 

' acid 'Ir^si^ue wherein any side chain amino group may be acylated 

and whei-eiri, any side chain hydroxy group may be alkylated, and 

m andn/are:^ same or different and each represent zero or 

i5 one, ; and R represents an amido or ester residue which blocks 

the C-terminal carboxyl group of the B-chain, with the proviso 

that not air of E^ E^ , E^ and e"^ are glutamic acid residues. 

when X -is a threonine residue, or, when E , E , E and E each 

is a giutamic acid residue, anJ X is a threonine residue, the 

JO group of formula "V^-Zn-R represents -NH2 , -Arg-NH,, 

:-Arg-Arg-NH2, -Arg-Lys-NH2 , .-Dab-Dab-NH2 , -Dap-Dap-NH2 , 

-Lys-NH2, -Lys(Lau)-NH2,;5Lys-Arg-NH2, -Lys-Lys-NH^ , -Orn-NH^ 

or -Orn-Orn-NH2 • 

In compounds of formul.i I. the C-terminal carboxyl 

35 qroup. of the B-chair": is bl orV.ed l..y an ester gro;;: r.r and di? 
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group. The change in charge introduced by the ester or amide 
group, in position B30 can be further increased by subst itiiting 
threonine in the B27-position with arginine or lysine and/or by 
substituting any of the four glutamic acid residues in the A4-, 
5 A17-, B13-, and B23-position with a neutral amino acid, 

preferably with a glutafnine residue. Furthermore, a positive 
charge may be introduced by a basic amino acid in the B30- 
and/or .B31-position. Since compounds of formula I can be 
applied in the clinic as solutions having a prolonged action, a 
10 decli^i4..in immunogenic it y as compared to the commonly used 
suspensions . of porcine or human insulins may occur.. 

The degree of prolongation can be enhanced and 
controlled by the addition of zinc ions. 

Major parameters that control the degree of 
15 prolongation of the insulin effect are the concentration of 
zinc and the choice of the compound of formula 1. With some 
analogs, e.g. Arg®^^ .Thr^^°-NH2 human insulin, very prolonged 
action is obtained with only 3 zinc atoms per hexamer unit of 
insulin analog corresponding to 8 Mg zinc/ml in a preparation 
20 containing about 240 nmole/ml. With other analogs, e.g. 

Lys®-^°-NH2 human insulin, modet ate prolongat ion of action is 
obtained with 30 zinc per hexamer of insulin analog 
corresponding to 80 zinc/ml in a preparation containing 
about 24 0 nmole/ml. The range for preferred r.inc contrations 
25 extends from 0 to 2 mg/ml , preferably from 0 to 200 ^g/ml zinc 
with substitution in the 813 and/or B27 position and preferably 
from 20 to 200 \iq/ml with other analogs.. 

The prolonged action of solutions of compounds of 
formula I in the presence of zinc ions is ascribed to the low 
•30 solubility of such compounds at neutral pH . Only solutions of 
insulin derivatives in which the C-terminai of the p-chain was.. 
-•^blScked,. showed a more prolonged action than Actrap^id ' porcine, 
i nsii l.i n . 

•rj-e pH of the injectable solution of this invention 
25 should p.-nferabiy be bo • .^nd so close to -..he phys iolcc ical uH 



Tc:/VMN, 1986-02-13, 3j, D-228B, IL 2771.200 



occurs. Stable solutions containing about 240 nmole/ml of 
compounds of formula I have been obtained at pH 5.5. The upper 
limit depends upon the constituents of the solution, i.e. 
isotonikum, preservative and zinc concentration, and upon the 
3 choice of compound of formula I. There is no lower pH limit of 
the solutions, but since the chemical stability of insulins is 
poor in acid solutions due to deamidation reactions and 
formation of dimers as high a pH as possible with respect to 
the physical stability of the solution, is preferred. The 

iG preferred pH range for the injectable solutions of this 

invention is' from 2.5 to 8.5, more preferred from 4.5 to 8. 

A further aspect of this invention is that it 
provides improved flexibility for the patients. With two 
aqueous solutions, one contain.inc a compound of formula I and 

15 the other containing a zinc salt, the patient can obtain a 
desired degree of prolonged action and a desired profile by 
* : mixing the two solutions appropriately. Thus, the patient has, 

using two stock solutions, the possibility of choosing one 
:.* action and profile for the morning injection and another . act ion 

20 and profile for the evening injection. Preferably, the zinc 
solution contains between about 10 |ig and 20 mg zinc per ml. 
Alternatively, both of the stock solutions may contain zinc, 
either in the same or different concentrations, and/or both the 
stock solutions may contain a compound of formula I, either the 

25 same or different compounds. 

Preferably, the injectable solutions of this 
invention have a strength of between about 60 and 6000 nmol^/ml 
of the compound of formula 1 . 

1 4 

The neutral amino acid (E through E ) is, for 
__:30 example, glycine, valine, isoleucine, leucine, phenylalanine, 
tyrosine, methionine or preferably, asparagine , glutamine, 
alanine, serine or ■ threbn i ne 

Examples of R are ester moieties, for example, low£r 
alkoxy, preferably methoxy, ethcxy and mos^ preferred tortiary 
: botoxy, ar.d ir-^.r:; croups ar k- :;:esent in compo-.inds w^hich are 
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U.S. Patent specification No. 4,343,896. Such^esters are 
Thr^^'^-OBi'^ huir.an insulin and Thr^^ ' ( Bj^ ) -OPu'' human insulin 
(Bu^ designates tertiary buty] ) . 

Furthermore, R can be a croup of the general formula 
-NR^R^ whr ein R^ and R^ are the same or different and each 
represents hydrogen or lover alkyl . Hereinafter the term 
"lower" designates that the group in question contains less 
than -: carbon atoms, preferably le ss than^S c^-.rbcn atoms. An 
example of such a group is found in fhr^^^-NH^ human insulin 
which is known as an intermediate in a synthesis of hu.r.an 
insulin (see Carlsberg Res .Commun . 49^ (l^fM, 4 63 ). In a 
preferred embodiment of this inven^.Aon, R is -NH^. Furthermore 
R may be a lactam, residue which preferably contains less than 
atoms in the lactam ring, for example a lactar. cf a 
dia.T;inocarboxy lie acid. 

In a preferred em.bodiment of this invention, R is 

uncharged. 29 

At neutral pK , the charce of _^ ro^ " -Lys -Y^^-Z^- 
is +1 m Thr^^^-NH^ human insulin, Thr^^^-OBu'^ hu-an insulin, 
Thr--^^'(Bu^)-OBu^ h-u.T,an insulin and Lys^^ ^-NH^^dc-- f B30 ) human 
Hnsujin, +2 in Lys'^-^°-NH2 h-aman insulin, Arg^^ -NK, human 
Insulin, Orn^^^-NHj human insulin, Lys^^ ^ Thr^"^ ^ -KH, ^'^^^^^ 
insulin and Arg^^\ Thr^^^-NK^ human insulin, and *3 in 
Lys^2\Lys^'°-NH2 human insulin, Lys^^ ^ Arg^^^-NH^ human 
insulin, Arg^27^^..^B3C_^,„^ ^^^^ Insulin. Arg^^ \ Arg^"^ ^ -NH^ ' 
hur.an insulin, Ly s^^ ^ -Lys^^ ^ -KK , human f^'^uiin, 
A-c^^'^'-Lys^^^-KK-, huir.an insulin, Arc^'-°-Arg " -NH, human 
insulin, Orn^^^'-Crn-^^-NH^ human msulir, Dab^^ -Dab^-^ ^ -NH ^ 
human insulin and Dap^^° -Dap^^^ ' -NH ^ h-ar>an insulin. 
1 According to one preferred embodiment of this 

invention, the amino acid reside. es designated Y and .Z. are 
■residues from L-a.Tinc acids which are coded for by nucleotide 
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Any side chain amino group in the amino acid residues 
designated Y and Z may be acylated. by an acid containing from 2 
tc 16 carbon atoms, preferably a fatty acid containing from 6 
to 18 carbon atoms> for example, lauric acid. Thus, -Y^-Z^-R 

5 may be -Lys(Lau) -NHj . 

Examples of preferred alkylated hydroxy groups are 

methoxy, ethoxy and tertiary butoxy. 

In one group of preferred compounds of formula I Y 
and/pr Z is a basiic amino acid residue wherein the side chain 
10 amino; group optionally is acylated (m = 1). 

In another group of preferred compounds of formula I 
n is zero and Y is ;a basic amino acid residue (m = 1). 

In a further group of preferred compounds of formula 
I Y. and Z are both : basic amino acid residues (m = 1, n = 1) . 
15 Preferred compounds of formula I are each of the 

■following: Clin^^ikr^ human insulin, 

• ; Gln^^^v human insulin, 

' Gln^^^,Lys^^!',Thr®^°-NH2 human insulin, Gln^^'' ,Lys^^°-NH2 human 
V insxalin, Gln^^-^ >Thr^ -^-NHj human insulin, 
«20 Gin^A|*Arg®^->Thr^^^^^ human insulin, 

^J$iii^|;i.yE®^^;^ insulin, Gln®^^ ,I,ys^?°-NH2 human 

■ ■'X'^X^sullTi, Gln^H#T*>?'^'^°'*NH2 human insulin, Arg^^7 VArg^-'^-NHj 

• ^^:^hl^ma^ insulin^; 

. 3,A^^?^^^ insulin, Lys®^^,Arg^-^°-NH2 human 

25 insulin, Lys®^^jLys®'^°-NH2 human insulin, Lys®^^,Thr^ -NH2 

• humarifinsulin, Lys^^^-NH2 ,des-<B30) human insulin, Thr^ -NH2 
vhumaiiliinsulin, Lys^^®-NH2 hxoman insulin, Lys®"'^ (Lau ) -NH2 human 

? insulin, Lys^^®-Arg®^^-NH2 human insulin, Lys® -Lys -NH2 
: hionian insulin, Arg^"^®-NH2 human insulin, Arg^^°-Arg® -NH2 
•30 'hiiinan- insulin or Arg®-'°-Lys^^-'--NH2 human insulin. 

Another preferred embodiment of this invention is 
./^-preparations conta'ining a compound of formula I wherein E , E > 
■-E^ and/or E^ is^' a ^lutamine. residue , and/or X is Lys or Arg, 
and within this subclass of compounds of formula I, a further 
35 preferred e:T:bodiment is preparations containing a compound of 
formula I wherein the 9--cup -y„,-Z^-P. is -Tr.r-NH, or -Lys-NH 
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Preferred compounds are Gln^^^ ,Thr^*^°-NH2 human insulin, 
Gln^^"',Thr^^°-NH2 human insulin, Lys^^'' ,Thr®^°-NH2 human 
insulin and Arg^^^ , Thr^'^°-NH2 human insulin. 

In one group of preferred compounds of formula I, E , 
5 E'^ and e"* is each a glutamic acid residue. 

In another group of preferred compounds of formula I, 
E" is a glutamine residue. 

In a still further group of preferred compounds of 
formula 1, X is an arginine or lysine residue. 
10 As is well known in the art, not all of the amino 

acid residues in human insulin are essential for the insulin 
action. 

Xn(3eed, porcine insulin and bovine insulin which. 

differs frcxn human insulin in amino acid residues have been 

15 employed to treat diabetics. Considerable species to species 

variations in th^- insulin molecule exist. Thus, many peptide 

residues in the human insulin molecule may be changed without . 

undue diminution in insulin activity, including some peptide 

residues important to the isoelectric point of the molecule. 

12 3 

20 It is obvious that the groups designated E , E , E , 

e'', x; y, Z and R are to be selected so that the resulting 
compound of formula I is pharmaceuticaliy acceptable. 

In the known biphasic insulin preparations, it is 
common to combine fast acting, soluble insulin with prolonged 

25 acting, crystalline insulin in the same injection. Using 

compounds of formula I of this invention, a similar combined 
short and prolonged action can be obtained with a solution of c 
single compound of formula I. The ratio between fast and long 
effect decreases as the concentration of zinc ions in the 

30 solution is increased. 

- ^ . Compounds of formula I may be. prepared by a 
transpeptidation reaction in which porcine-'insul in.; or else a 
biosynthetic precursor compound having the cor rect in sul in 
disulphide bridges and having the general formula II: 
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B ( 1-12 ) -E^-B (14 -20 )-E^-B( 22-26 )-X-B( 28-29 )-(Q .r)^.a( 1-3) - 
E^-A(5-16)-E^-A(18-21) ^ * (ID 

wherein the letters A and B followed by figures in parentheses 

designate the appropriate peptide fragments of the A- and B- 

chains, respectively, as indicated by the figures in 

parentheses, 0 is a peptide chain with q amino acids, q is an 

integer from 0 to 33, R is Lys or Arg, and r is zero or one, 
12 3 4 

and E , E , E , E. and X each are as defined above, is reacted 
with an amino compound of the general formula III: 

"-V^n-^ (III) 

wherein Y, 2, R, m and n each are as defined above, and wherein 
side chain amino groups and hydroxy groups in Y and 2 
optionally are block with amino: and hydroxy protecting 
groups, using trypsin or a trypsin like enzyme as a catalyst in 
a mixture of water : and organic solvents as has been described 
in US Patent No. ;.4;343, 898. Preferred compounds of formula III 
for use in this prdcess are Thr-NH2 / Lys ( Boc ) -NH2 , 
Thr (Bu^) -OBu^/: Thi:;^p^ Amino groups 

may be derivatizeia by acylation ^ w acid. Hydroxy 

groups may be protected by alkylat ion. If Y and Z , contain 
groups which are reversibly blocked by amino protecting groups, 
these groups may b^^^^ at a later rt: age , if such is 

desired, after y thet;; amino protected intermediate has been 
separated from the trypsin or trypsin like enzyme. Of the 
trypsin like enzymes^ lysyl endopeptidase from Achromobacter 
lyticus is usetful. 

The compound of formula II may be expressed in a host 
organism suchuas yeast similar to the description in European 
patent appli^cSt^^ 163,529 using a gene having the correct 

codons for the ami-no acids" in question. The gene encoding the 
novel insulin derivative is then inserted into a suitable 
expression vector which when transferred to yeast is capable of 
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expressing the desired compound. The product expressed is then 
isolated from the cells or the culture broth depending on 
whether it is secreted from the cells or not. 

An example of a reversible amino protecting group is 
tertiary butoxycarbonyl and a reversible hydroxy protecting 
group is tertiary butyl. Such groups are removed under 
conditions which do not cause undesired alteration in the 
compound of formula I, for example, by trif luoroacetic acid. 

. .Insulin compounds of formula 1 may also be prepared 
by a coupling reaction in which a compound of the general 
formula IV 

A(l-3) -E^-A( 5-6) -Cys -A (8-16) -E^-A( 18-19 ) -Cys-Asn (A-chain) 

. .'I I 
S S 

S S ( IV) 

I . : I 

. B( 1-6) -Cys-B( 8-12) -E^-B( 14-18) -Cys 

1 (B-chain) 
- = V -E^'-Gly 

where4.n E^, E"^, E^ and X each are as defined above, is 

couplied^t^ an amine compound of the above formula III by 
trypsin or a trypsin like enzyme under conditions similar to 
those;':d^ in European patent specification No. 17,938. 

yy^hen insulin is manufactured by genetic engineering 
the additional one or two positive charges may appropriately be 
introdud^^ the insulin molecule, i.e. in the A4-, 

A17-/ ;B13-, B21- or B27-position, leaving for trypsin catalyzed 
semisynthesis blocking of the C-terminal carboxyl group of the 
B-chain with an amino acid amide :'br an cimind acid ester. 

The advantage in introducing the additional positive 
charges within the frame of the 51 amino acids of the insulin 
molecule to form the novel compounds of formula I rather than 
by prolongation of the B-chain beyond the 30 residues of t):c 
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mammalian. insulins relates to ease in preparation. In the 
semisynthetic transpept idation a large molar excess of the 
amino acid amide or amino acid ester is employed. If a 
dipeptide amide or ester were to be used in the 
transpeptidation reaction, either price or solubility or both 
are prohibitive for use in large excess, and consequently the 
yield of the product becomes lower. Even when the same 
equimolar excess of, for example, Lys(Boc)-NH2 and 
LysCBoc) -Lys(Boc) -NH2 is used in the transpeptidation reaction 
under ! similar conditions , the yield with the amino acid amide 
becomes /substantially higher than with the dipeptide amide. 

Insulin preparations of this invention are prepared 
by dissolving a compound of formula I in an aqueous medium at 
slightly acidic conditions, for example, in a concentration of • 
24 0 or 600 nmole/ml . The aqueous medium is made isotonic, for 
exampie, with sodium chloride or glycerol. Furthermore, the 
aqueous medium may contain zinc ions in a concentrations of up 
to about 20 Jig 9f Zn^"*" per unit of insulin activity, buffers 
such as acetate and citrate and preservatives such as m-cresol 
or phenol. The pH value of th^sdlution is adjusted towards 
neutr^^lity without getting too close to the isoelectric point 
of fthe^^^^^c^^ I in order to avoid precipitation. 

The pH value of the final insulin preparation depends upon the, 
nundDer of charges that have been changed in the compound of 
formula I, the concentration of zinc ions, the concentration of 
the compound of formula I and the compound of formula I 
selected. The insulin preparation is made sterile by sterile 
filtration. 

The insulin preparations of this invention are used 
similarly to the use of the known insulin preparations. 

Any novel featur_e or combination of features 
described her^in;.^!^ considered essential to this invention. 

Herein 'the abbreviations used for the amino acids are 
those stated in J.Biol. Chem. 243 (1968), 3558. The amino acids 
stated herein are in L configuration. In formula I and 



ToN/VMN, 1986-02-13, 2j , D-32SB, IL 



2771 .200 



elsewhere herein A(l-3) is Gly-Ile-Val, A{5-6) is Gln-Cys etc., 
c£. the amino acid sequence of human insulin. Unless otherwise 
indicated; the species, of insulins stated herein is human. 

Synthesis of the insulin compounds 

The source of insulin was either porcine insulin or 

an insulin precursor expressed in yeast as described in the 

last-mentioned Danish patent application. 

The insulin precursors were recovered from the 

' TM 

fermentation broths by adsorption to LiChroprep RP-18 as 
described in Example 7 of the same Danish patent application. 
The precursors were eluted from the column with 0.2 M KCl, 
0-001 M HCl in 33% (v/v) ethanol. The insulin precursors were 
crystallized from the pool by successive additions of water (1 
volume per volume of pool)/ solid trisodium citrate to make 
0.05 M and finally zinc acetate to make 0.006 M. The pH was 
adjusted to 6.8 and the mixture was left overnight at 4°C. The 
crystals .were isolated by centrif uga ton, washed with water and 
dried in - vacuo . 

:^ h :?r^ Protected amino acids and protected peptides for 
enzymatic semisynthesis were either prepared by standard 
methods or purchased (custom synthesis) from either Nova 
Biochem bi: Bachem^ both Switzerland. 

The . letters TM after a name indicates that it is a 
trade mark. 

Example 1 

B3 0 

Synthesis of Lys -KH ^ human insulin 
. . , " it . 

Solutions of 1 g of porcine insulin dissolved in 4 ml 
of 7.5 M acetic acid and 6.1 g of Ly s ( Boc ) -HN_ ,CH^COO!l 
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(N epsi lon-Boc-L-ly s ine amide, hydroacetate salt) dissolved to 

15 nil with N,N-dimcthylacetajnide were mixed and the mixture was 

cooled to 12°C- A solution of 0.1 g of trypsin in 2.08 ml of a 

0.05 M solution of calcium acetate was added. After 96 hours at 

12^C, the proteins were precipitated by the addition of 200 ml 

of acetone, and the precipitate was isolated by centr i f ugat ion . 

The precipitate was washed once with 100 ml of acetone, 

isolated by centr if ugation and dried in^ vacuo . 

The precipitate was dissolved in 50 ml of 0.01 N 

hydrochloric acid in ethanol/water (28/72 parts per volume) and 

the solution was applied to a 5 x 30 cm preparative high 

pressure liquid chromatography (hereinafter designated HPLC ) 

column pac)ced with silica particles substituted with 

octadecyldimethylsilyl (mean particle size 15 micron, pore size 

100 Angstrom) . The column was equilibrated with ethanol/0.2 M 

solution of aiicnonium sulphate adjusted to pH 3 • 5 with sulphur ic 

acid, in a ratio of 38/62 (parts per volume) • The proteins were 

eluted frcwn the column with the same buffer at e rate of 2 

litre/h. Lys(Boc)^"^°-NH2 human insulin was found in a peak 

eluting from the column between 60 and 75 minutes, after 

elution of unreacted porcine insulin. The ethanol was 

evaporated in vacuo and the evaporation was continued until the 

; -— "! B3 0 

volume was : reduced to about 125 ml. The Lys(Boc) -NH2 human 

insulin was. isolated by successive additions of 25 ml of 

acetone, 100 mg of citric acid (monohydrate p. a . ) and 9 mg of 

zinc chloride (p. a. ) . The pH was adjusted to 6.5 and after 1 h 

at rocxn temperature the crystallisation was continued at 4®C 

for 24 h with gentle stirring. The crystals were spun down, 

washed once with 5 ml of ice-cold water/ spun down and dried in 

vacuo . Yield: 456 mg of Lys ( Boc ) ^^°-HN2 human insulin. 

The Lys (Boc)^^°-NH2 human insulin (456 mg .V, was . 

dissolved in .15 ml of tr if luoroacetic acid and lef f f br : 3 h: at 

room temperature. The tr if luoroacet ic acid was removed by- 

lyophi lization . The lyophilisate was dissolved in 50 ml of 

water, the pH adjusted to 2.5 and 10 g of sodium chloride was 

B 3 0 

added. The salt cake of Lys -UH^ human insulin was isolated 
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by centr if ugation.. The salt cake was dissolved in 125 ml of 

B 3 0 

water and the Lys ^.NH^ human insulin was crystallized by 

successive additions of 25 ml of acetone, 100 mg of citric ac 

(monohydrate p,a.) and 9 mg of zinc chloride (p. a,) and 

5 adjustment of the pH to 7.0. After 1 h at room temperature, t 

crystallisauJ^on was continued at 4°C for 24 h with gentle 

stirring. The crystals were spun down, washed once with 5 ml 

ice-cold water, spun dow^n again and dried. Yield: 387 mg of 
B 3 0 

crude Lys -NH2 human insulin. 

l-O The crystals were dissolved in 50 ml of 0 .005 N 

hydrochloric acid in ethanol/Vater (20/80, parts per volume) 
and the solution wac applied to a preparative HPLC column as 
described above, this time equilibrated with ethanol/0.3 M 
solution of potassium chloride and 0.001 N hydrochloric acid, 

.5 in a ratio of 35.5/64.5 (parts per volume). Elution with the 

same buffer at a rate of 2 litres/h resulted in a peak of 
33 0 

Lys -NH2 emerging from the column between 55 and 90 min. The 

products were isolated from the pool as described for 
B3 0 

Lys{Boc) -NH2 human insulin above, except that the pH in the 

0 crystallization in the zinc containing citrate bjffer was 

adjusted to 7^0 rather than 6.5. Yield: 262 mg of pure 
B 3 () 

Lys "NH2 human insulin. 

The amino acid composition was in agreement with the 
theory, alanine being 1 residue/molecule and lysine. being 2 

5 residues/molecule. The product was pure in DISC PAGE 

electrophoresis ' at pH 8 . 9 , the rate of migration being 55% of 
that of porcine insulin corresponding to a difference in 
charges of about 2. For details of the DISC PAGE • 
electrophoresis see Horm. Metab. Res . Supplement Series No. 5 

0 (1974 ) , 134 . 
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Example 2 

B30 B30 B31 

Synthesis of Arg -NH ,, hujnan insulin and Arg -Arg -NH ^ 

human insulin 

Solutions of 1 g of porcine insulin in 3.32 ntl of 8 M 
5 acetic acid and 3.9 g of Arg-NH^ / ( CH^COOH ) 2 (L-arginine amide 
dihydroacetdce salr) dissolved to 10 ml with N , N-dimethyl- 
formamid (hereinafter designated DMF) were mixed, and the 
mixture was .cooled to 12°C. A solution of 0 . 1 g of trypsin in 
1-2 ml of a 0.05 M solution of calcium acetate was added. After 

• 10 144 hours at 12°C, the proteins were precipitated by the 

addition of. 200 ml of acetone, and the precipitate was isolated 
by centr if ugation . The precipitate was washed once with 100 ml 
of acetone, isolated by centr if ugation and dried in vacuo . 

The precipitate was dissolved in 50 ml of 0.01 N 
'15 hydrochloric acid in ethanol/water (27/73 parts per volume) and 
* the proteins were applied to a preparative column as described 
in Example" i. At first, ah eluent composed of ethanol/0.3 M 
:** solution of potassium chloride and 0,001 N hydrochloric acid in 
a ratio of . .35/65 (parts per volume ), was pumped through at a 

* 20 rate of 2 ,litres/h for 4 hours. Three unresolved peaks very 

recorded, ; from about 60 to 120 minutes, from 120 to 150 and 

\* from 150 to 180 minutes. The proteins in the three pools very 

B 3 0 

isolated as described for Lys -NH2 in Example 1. Yields: 414 

mg, 142 mg and 107 mg for pools I, II and III, respectively, 

*^5 Amino acid analysis combined with DISC PAGE 

electrophoresis showed that the insulin molecules of pool I had 

been coupled with from 2 to several arginine residues. The 

major component of pool II was insulin coupled to a single 

B 3 0 

"arginine amide residue, i.e. Arg -NH2 human insulin. Pool III 
30 wasr^" mixture of porcine insulin, des(B30) human insulin, 
A rg^'^.^ human insulin and Arg^^^-NH2 human insulin. 
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Arg -NH ^ human insulin 

The proteins of pool II was dissolved in 10 ml of 

ethanol/water 3/2 (v/v) at pH 2 . After addition of 12 mg of 

EDTA the pH was raised to 10 by a 0.1 N solution of sodium 

5 hydroxide. The solution was applied to a 2.5 x 25 cm column of 

QAE-Sephadex A-25 equilibrated with a buffer composed of 0.5 M 

NH^ , 0.05 N hydrochloric acid and 0.04 M solution of sodium 

chloride in 60% ethanol (v/v). The column was eluted with 30. 

ml/h with a linear gradient in sodium chloride from 0.04 M to 

10 0.1 M using a total of 1 litre of eluent, while the pH was kept 

constant at about 10.0. Fractions of 10 ml were collected. 
B3 0 

Arg -NHj human, insulin emerged from the columns in fractions 
Nos. 58 - 74 . The product was 'iso^^ from the pool by 

evaporation followed by crystallization at pH 7 in a zinc 

15 containing citrate buffer cbntaining 15% acetone (v/v) as 
described for Lys^^^ in Example 1. Yield: 53 mg . The 

product was homogeneous in DISC PAGLe at pH 8.9, 

the rate of migration being 55% of that of insulin. The amino 
. acid composition :was in accordance with the theory for 

20 Arg ; -NH2: human iinsulin; showing 2 arginine- residues and 1 

^- residue, of alanine^ moleculevo^ 

. B3 0 B3i"'' " ' "'^Zv.- ' \-< ■. 

V - . Arg ; -Arg -NH ^ v human insuIin yHx^: 

The'^^jprpt^ of pop 1^^ 1 4- we 

to Idn exchange -chromatography on QAE-Sephadex - 

25 described; torSt]ie; proteins;^^^^^ II. Arg^'^^-Arg^^^'^-NH^ human 

insulin emergied from the coiumn.in fractions Nos . 34 - 47 . The 
product was isolated as described for Lys -;NH2 . human insulin 
4n^ Example.:;i.i^^^^^ 10 mgv''£^V^;';v^ 

The product v;as homogeneous in DISC PAGE 

30- electrophoresis at pH^8_.9, the rate of migration being 35% of 
that of insulin. The "amino" acid composition showed 3 arginine 
residues and 1 residue of "alanine per molecule of insulin. 
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Example 3 

B 3 0 

Synthiesis of Thr -NH ^ human insulin 

A solution of 1 g of porcine insulin in 5 ml of 10 M 
acetic acid and a suspension of 2.365 g of Thr-NH2 (L-threonine 

5 amide, free base) suspended to make a volume of 13 ml with 

N, N-dimethylacetamide were mixed. After mixing, the Thr-iJH2 was 
dissolved, /rhe mixture was cooled to 12^C and a solution of 0,1 
g of trypsin in 2 ml. of a . 0.05 M solution of calcium acetate 
was added*;,A 72; hours at 12 °C the proteins were 

0 precijpitated by addition of 200 ml of acetone, and the 

precipitate was isolated /by centrifugation. The precipitate was 
washed once with lo6 ml of acetone/ isolated by centrif ugat ion 
and dried in vacuo .. j:^ ' 

The purification of Thr -NH2 human insulin from 

5 trypsin and unreacted porcine insulin was carried out as 

described -for esters of .human insulin (see Markussen: Methods 
in Diabetes Research/: Editors: Larner & Pohl ( 1984 ), 

■ 4 08 ) .l^yiei d 59 9- rog . : s • , 

W^'^j-f^'^^ p-r<>dii<i?t^'w "'PI SC PAGE 

0 electrpphpfe^ being 75% of 

that of insulih^/^^^^^ acidi - composition was in accordance 

with -tlii^A^h^ and 1 residue 

of alaTiii>e:^er ^m^ of insulin. 

■ ^}^^^^ Examples 4 through 10 

5 (Q "Ry "^of formula 11 was chosen to Ala-Ala-Lys and constructed 
as described for yeast plasmid pMTSIO in Example 10 in Danish 
patent. application No. 582/85 • Nucleotides coding for Gin 
Gln^^v / Arg.^^J_.and Lys®^ were substituted in pMT610 by site 
''"specific using the procedure in Nucl , Aci ds .Res . _12 

0 (190jy> 5103 - 5112. 
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Example 4 

Synthesis of Gln^''"'^ , Thr^"^ ° -NH ^ human insu lin 

To a suspension of 3 • 12 g of 
Gln^^'^ ,B( 1-29 ) -Ala-Ala-Lys-A( 1-21 ) insulin precursor in 15 ml 
5 of acetic acid/DMF/water (11.4 ml acetic acid, 65.1 ml DMF, 
water to make 100 ml) 30 ml of .1 M Thr-NH^ in DMF was added. 
The mixture was cooled to 12°C and 0.3 g of porcine trypsin 
: dissolved in TVS to of 0.05 M calcium acetate was added. 

Stirring was continued until the xnsulin precursor had 
10 dissolved. After 48 hours at 12^C the proteins were 

precipitated by addition of 400 ml of acetone. The proteins 
were . isolaLted .by; centrif u washed once with 100 ml of 

acetone and dried vacuo . 

The : precipitate was dissolved in 70 ml of 0,04 N HCl, 
15 the pH adjustV^^^ t^^^^ and the derivative was purified by HPLC 

: as described 'in' Example 1, except that an eluent composed of 35 

parts of ethanol and 65 parts of 0.3 M KCl, 0.001 N HCl was 
. used for >eiUtion^^ derivative emerged from the column after 

about - 3 ;cqium and> it : was;; isolated by successive 

20 ad<aitibns=:^pjE of watel:;^;s61id trisodium citrate to make 

0.05 M arid :^6li^^^ acetate "to make 0.006 M. After adjustment 

'■: ;of ;pH to 6 -5^^^^^^ at 4°C, crystals were 

hatrvested: byfc^nt^ with water and dried. Yield 

v.l;64 g = 53% v.^^jPii^^^ purifications by anion exchange 

25 chromatograph/;a human insulin esters (see 

MarkussenV;} ibid , 410). Final yield: 1.15 g = 37%. The prc^uct 
■.V:\was neair hcimc^^ in DISC PAGE electrophoresis at pH 8.9, 

the rate of migration being 55% of that of insulin. In 
analytical reverse-phase HPLC (see Markussen ibid , 410) the 
30:product elutes at about the same rate as porcine insulin. The 
purity found to about 9 5%-^ Amino acid composition analysis 
showed identity to the suggested formula. 
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Example 5 

S ynthesis of Gln^^"^ , Ly s^^^ ^' -NH >^ hu^^an jJlPyi^^l^^' 
To a suspension of 3.15 a cf 

A17 

Gin ,B( 1-29 ) -Ala-Ala-Lys-A ( 1 -21 ) insulin precursor in 15 nl 
5 of acetic acid/DMF/water (4.57 rr^l acetac ac a d , 71.9 ml of DMF, 
water to make 100 ml) 30 ml of 0.4 M Lys(Boc)-NH^ in DMF was 
"added. The mixture was cooled to 12*='C and 0.3 g of trypsin 
dissolved in 7.5 ml of 0,05 M calcium acetate was added. 
St irring: was cont inued ur.^il the insulin precursor had 
10 dissolved. After 48 hours at 12*^C the proteins were isolated as 
described . in Example 4. 

The precipitate w^as dissolved in 70 ml of 0.04 N HCl, 
the pH adjusted to 2.5 end G In^"^ ^ , Lys ( Boc ) ^ -NH2 human insulin 
was pyrified by HPLC as described in Exarriple 1, except that 
15 elution was performed first with 2.3 1 of an eluent composed of 
37 parts ethanol and 63 parts of 0.3 M KCl, 0.001 N HCl, 
followed, by an eluent composed of 39 parts of ethanol and 61 
part^;tof ^aqueous 0.3 M KCl, 0.001 N HCl. The derivate emerged 
25\rninutes after the change of eluent, and it was isolated as 
20 described; for Gln^'^ human insulin in Example 4. 

Yield , of Gln^"^^,Lys(Boc)^^*^-^N human insulin 906 mg = 29%. 
J*- human insulin (1.55 g) was 

'\ disisbXye^^ 30 ml of trif luoroacetic acid (TFA) and left at 
room ^iteraperature for 2 hours. The TFA was removed by 
25 lyophirization . The residue was dissolved in 15 ml of water, 
the pH adjusted to 3 with 1 N NaOH and 22 m.l of ethanol was 
addeclwcThe solution was applied to . a 2.5 x 2 0 cm column of SP- 
Sephadek C-25 equilibrated with an ethanol/water 3/2 (v/v) 
buf f er :-c6mprisi ng 0.01 M citric acid, 0.03 M NaCl, pH adjusted 
30-.to 4.,5 with NaOH. The column was eluted with the same buffer, 
using a-linear gradient in NaCl from 0.03 M to 0.4 M in a total 
of 1.6 1 of eluent. The derivative eluted in 440 ml when the 
gradient reached 0.2 K NaCl. Ir was crystallized by addition of 
1 1 00 ml of waiter, solid urn citrate ti. r.'-.r: e 0.0 5 K rtn-: 



22 

ToN/VXN, l-F.e-C'2-1 3 , ? j , D-328B, IL 



2771 .200 



so lid zinc acetate to rr.ake 0.0 06 M. Eventually zhe pH was 
adjusted to 6* . 8 . After stirring overnight at 4°C the crystals 
were i r--^ "i by cent r i f uqa t i on , washed once with water and 

dr-Lec in vacuo. Yielu; I . -"^ ' s corresponding to 65% over last 
5 step and fro.^. the Gin"* , B • : -2 9 ) -A la -A la-Lys -A ( 1 -2 1 ) 

insulin precursor. Ti-ie product was near homogeneous in DISC 
PAGE electrophoresis at pH 8.9, the rate of rrrigrat ion being 35% 
of that of insulin- In analytical HPLC the product . emerges 
before porcine insulin, the purity being about 97%. Amino acid 
10 compi^r i t i on analysis showed 2 lysine residues per molecule, and 
otherwise iocntity to hurrian insul in. 



E xajTipl e 6 

Synthe sis o f Arg^^ , Thr^"^ ^ -NH ^ human insui in 

To a suspension of 3.8 g of 

15 Arg^" ' ,E( 1 -29 ) -Ala-Ala-Ly£-A( 1-21 ) insulin precursor in 18, ml \ 

^* ^ of acetic acid/water/DMF ( 11 .4 ml acetic acid, .35 ml /water, DMF 

to make IOC ml) 36 ml of 1 M Thr-rjiH^ in DMF wasi^added. The . . j 

mixture was cooled to 12^C and 0.38 g of porcine^Jitrypsin in 

6.84 ml of 0*05 M calcium acetate 'wa^s added. After.48 hours at . 

20 .12**C the proteins . were precipitated wi th acetone - as described 

in Example 4..' --- 

The derivative was purified by KPLG "as .;descr ifaed in . 

Example 1 using first 1800 ml eluent composed of 35 par ts of 

ethanoi and 65 parts of aqueous 0.3 M KCl, 0.001 N HCl, 

25 followed by an eluent composed of 37 parts of ethanoi and 63 

parts of the aqueous solution. The derivative emerged 10 

• m.inutes after shift in eluent and it was isolated as described 

for Gln"^" \Thr^'^°-NH-, insulin in Examfile 4. Finally it v-^as 
■ 1. - TM 

purified on a column of SP-Sephadex ' C-2S - as described for 

30 Gln"^'" ' ^Lys^-^^-lCH. hurr-r. insulin in Exa.T.ple 5. 
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The yield of Arg®^"^ ,Thr^^°-NH2 ^^^^^ insulin was 1.63 
g corresponding to 43%. Essentially one band was seen in DISC 
PAGE electrophoresis, the rate of migrating being 55% of that 
of insulin. In analytical HPLC the product emerge before 
5 porcine insulin, the purity being about 96%. Amino acid 

composition analysis shows 2 arginine residues per molecule, 
and otherwise identity to human insulin. 



Example 7 

S ynthesis of Arg ,Lv5°^''-NH ^ human insulin 

^0 The compound was synthesized from 3.61 q of 

B2 7 • 
Arg /B(l-29)-Ala-Ala-Lys-A{l-21) insulin precursor using the 

methods described in Example 5. Yield of Arg^^^ ,Lys^-^°-NH2 

human insulin 0.78 g = 22% . One major band in DISC PAGE 

electrophoresis migrating 35% of the distance of insulin 

15 migration. Two minor bands visible. Purity in analytical HPLC 

92%; the product emerge before porcine insulin. Amino acids 

compositich analysis shows 2 arginine and 2 lysine residues per 

molecule and otherwise identity to human insulin. 



Example 8 

2 0 Synthesis of Lys^^"^ , Thr^-^°-NH ^ human insulin 

» 

The conpound was synthesized from 7.0 q of 

B2 7 ■ 

Lys ,B{ 1-29 ) -Ala-Ala"Lys-A( 1-21 ) insulin precursor using the 
methodr; described in Example 6..^ Yield of Lys^^^ ,Thr^''°-NH2 
human insulin was 3.15 g corr^S'pond-ing to 4 5%. DISC PAGE 
25 electrophoresis showed one major band and two minor bands, the 
main band migrating 55% of the distance of the insulin 
reference band. The- purity, in analytical HPLC was 96?. The 
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compound emerge earlier than porcine insulin in reverse phase 
HPLC . A.T.ino acid composition analysis shows 2 lysine residues 
per molecule and otherwise . identity to human insulin. 



Example 9 

B2 7 B3 0 

5 Synthesis of Lys ,Lys -^""-NH ^ human insulin 

The compound was synthesized from 7,0 q of 

B2 7 

Lys ,B( 1-29 ) -Ala"Ala-Lys-A( 1-21 ) insulin precursor using the 
methods described in Example 5. Yield of Ly s^^ , Lys^^ °-NH2 
human insulin was 1.S7 g corresponding . to 22%. DISC PAGE 

IC electrophoresis showed one major band migrating to a distance 
of 35% of that of porcine insulin. One minor impurity is 
visible- Purity in analytical HPl.C was 94%, the compound 
eluting well ahead of porcine in.sulin. Amino acid composition 
analysis showed 3 lysine residuf-s per molecule and otherw^ise 

15 identity to human insulir;. 



Example 10 

Synthesis of Gin ^Thr^-'^-NH ^ human insu lin 

The compound was synthesized from 3.05 q of 

B 13 

Gin /B ( 1-29 ) -Ala-Ala-Lys-A( 1-21 ) insulin precursor using the 
20 methods described in Example 6, Yield of final product was 0.88 
g corresponding to 29%. DISC PAGE electrophoresis showed one 
major band, migrating 55% of the distance porcine insulin 
niigrates. Purity oy HPLC was 95%, the compound eluting later 
than" porcine: insulin. Amino acid composition analysis showed 
25 identity v. to that * of human insulin . 
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Example 11 

Preparation '->f injectable solutions of corr.pounds of fc rmxi la I 

Sterile injectable solutions of the compounds of 
formula I for testing of the degree of prolonged action were 
5 made using 0,9% (w/v) sodium chloride as the isotonicum and 
0.15% (v/v) m-cresol as the preservative. Injectable solutions 
were also made using 1.6? (w/v) glycerol as the isotonicum, 
using 0.3% (w/v) m-cresol as ^he preservative, and being 
buffered with 0.01 M sodium acetate. The concentration of zinc 

10 ions was varied from 0 to 160 pg/ml. The pH values of the 

solutions were adjusted sufficiently off the isoelectric point 
of the. compounds of formula I to keep the solutions clear upon 
sf-^age at 4*=^C. The solutions contained 240 nmole/ml of the 
compounds of formula I. The concentration of 24 0 nmole/ml was 

15 established by measurement of the absorbance at 276 nm of a 

more concentrated stock solution devoid of m-cresol, using the 
molar extinction coefficient for porcine insulin of 6100 for 
these derivatives (see Handbuch der Inneren Medizin, Vol. 
7/Part 2A, Editor: Oberdisse, 1S75, 113) and using the 

20 established potency for monocomponent poicine insulin of 28.5 
U/mg dry substance (see Diabetes Care, Vol. 6/Supplement 1 
(1983), 4). 1 U corresponds to. 5. 95 nmole. 

Injectable solutions containing 240 nmole/ml of the 
compounds of formula I stated in Table 1 and having the pH 

25 values and content of zinc stated in the table were made. 

Test for prolongation of insulin effect 

The prolongation of the hypoglycemic effect produced 
by the injectable solutions of insulin was tested according to 
British Pharmacopoeia 1980 , A 142, in fasted rabbits. Each test 
30 solution was administered subcutaneous ly in a dosis of 15.5 

nmole per rabbit in 6 or 12 animals weighing 3-4 kg, and the 
course of the hypoglycemia was followed for 6 hours. For 
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comparison the fast acting preparation, Actrapid porcine 
insulin, was included in the tests. The results of the tests 
are shown in Table 1 and 2, 

The result of tests for prolonged effect of certain 
5 compounds in rabbits is stated in Table 1, below. The glucose 
value is the mean, from 6 rabbits, of the glucose value in per 
cent of the initial value. Solutions were made isotonic with 
0.9% NaCl, using 0.15% (v/v) m-cresol as the preservative. 



Table 1 

10 Compound of Zn"*"'*^, 

formula I pg/ml 

- . - 

Lys ^-NH insulin 0 
B3 0 

Lys -NH^ insulin 80 
B 3 0 

Lys -NH2 insulin 160 

15 Arg^'^'^-NH. insulin 0 
B 3 0 

Arg -NHp insulin 80 

Thr -NH. insulin 0 

B 3 0 

Thr -NH- insulin 160 

B3 0 t 

Thr -OBu insulin 0 

20 Thr®^°-OBu^. insulin 160 

Thr^"°(Bu^)-OBu^ insulin 0 

B3 0 R 1 

Arg -Arg -NH- insulin 0 

B 3 0 R ^ 1 

Arg ^""-Arg "••^-NH- insulin 160 



1 M 

Actrapid porcine insulin 15 



pK Glucose in percent of initial 





1/2 h 


1 h 


2 h 


4 h 


6 h 


4 .5 


53 


54 


49 


79 


100 


4.5 


63 


62 


63 


73 


80 


4.5 


67 


80 


68 


90 


93 


4.5 


57 


53 


51 


65 


81 


4.5 


76 


68 


63 


73 


78 


4 .2 


46 


46 


39 


64 


91 


4.2 


64 


58 


50 , 


70 


69 


4.0 


59 


65 


59 


79 


100 


4 .0 


81 


75 . 


62 


66 


88 


4 .0 


64 


60 


54 


71 


82 


4 .5 


72 


70 


68 


67 


68 


4 .5 


91 


87 


78 


73 


68 


7 


53 


48 


42 


70 


98 



25 The result of tests for prolonged effect of certain 

compounds in rabbits is stated in table 2, below. The glucose 
value is the mean, from 12 rabbits, of the glucose value in 
percent of the initial value. Test solutions were made isotonic 
with 1.6% (w/vT glycerol, using 0.3% (w/v) m-cresol as the 

30 preservative, and being buffered by 0.01 M sodium acetate. 
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Table 2 





Compound of 






PH 


Glucose 


in percent 


of 


initial 




formula I 




Mg/ml 




1 h 


2 h 4 


h 


6 h 




Gln^^\Thr^^°.NH, 


insulin 


80 


4 .5 


65 


63 


68 


63 


5 


Gln^l\Lys^^°-NH2 


insulin 


80 


4 .5 


. 60 


56 


73 


86 




Gln^^\Thr^^°-NH, 


insulin 


6.7 


4 .5 


91 


92 


92 


90 




Arg^27^^^^B30_j, 


insul in 


80 


4 .5 


88 


66 


8'. 


81 




B27 ^, B30 
Arg ,Thr -NH^ 


insulin 


8 . 5 


4 . 5 


62 


64 


66 


67 




B2 7 ^ B30 
Arg ,Lys -NH. 


insulin 


80 


4 .5 


85 


S3 


81 


79 


10 


Arg^27^^y^B30_j, 


insulin 


10.9 


4 .5 


78 


73 


69 


67 




Lys^27^^^^B30_^„ 


insulin 


7.4 


4 . 5 


56 


55 


62 


61 




B2 7 ^ B30 
Lys ,Lys -NH_ 


insulin 


9 . 5 


4.5 


72 


65 


65 


60 




RID 

Lys -NH2 insulin 


80 


4 . 5 


74 


83 


80 


82 



Reference insulin 
TM 

15 Actrapid . porcine msvilin 



15 



58 



56 



87 



100 



Ihe potencies of insulin compounds were assessed in 
the mouse blood sugar depletion test (British Pharmacopoeia 
1980, A 141 - A 142). In order to minimize the problem of 
estimating potency of insulins having a timing different from 

20 the standard, insulin solutions for potency determinations were 
made up without additions of zinc. Solutions were made up to 
contain 240.nmole/ml based on the absorbance at 276 nm. The 
zinc content of solutions were 8-10 ^ig/ml, arizing from the 
crystalline derivatives. The es t imated potenc ies of some 

25 insulin compounds are shown in Table 3, below. 
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Table 3 











Potency 


Confidence 










relative to 


limits 










insulin, % 


(P = 0.05) , % 


Gln^^^ 


rnU B30 

,Thr 


-NH2 


insulin 


67 


58 - 75 


Gln'^^^ 


^ B30 
,Lys 


-NH2 


insul in 


62 


51 - 72 


,^ B27 
Arg 


B30 

,Thr 


-NH2 


insulin 


122 


102 - 145 


, B27 
Arg 


^ B30 




insulin 


84 


74 - 94 
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GirA-'M'S^ The claims defining the invention are as follows: 
1. Compounds of the general formula I 

A( 1-3) -E''--A(5-6)-CyS"A(8-16)-E^-A(18"19)-Cys-Asn 

! i 
S S 

i . I 

s s 

f I 

B ( 1-6 ) -Cys-B (8-12 ) -E*^"B( 14 -18 ) -Cys 

I 

R-Z^-y -Lys-Pro-X-B{2 6-2 2 ) -E^^-Gly 
n m ^ 

wherein the letters A and B followed by figures in parentheses 
designate the peptide fragments of the A- and B-chains, 

1 2 

respectively^ indicated by the figures in parentheses, E , E , 
3 4 

E and E are the same or different each representing glutcimic 
acid or a neutral amino acid residue which can be coded for by 
nucleotide sequences, X represents an L-threonine, L-arginine 
or L-lysine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
group may be acylated and wherein any side chain hydroxy group 
may be alkylated, prd m and n are the same or different and 



{ A-chain ) 



(I) 



(B-chain) 
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each represent zero or one, and R represents an a^Tiido or ester 

residue which blocks the C-terminal carboxyl group of the B- 

chain, with the proviso that not all of E""", E^, E*' and e"* are 

glutamic acid residues, when X is a threonine residue, or, when 
12 3 4 

5 E , E , E and E each is a glutamic . ac id residue, and X is a 

threonine residue, the group of formula -Y -Z -R represents 

m n 

-NH2 , -Arg-NH^ / -Arg-Arg-NH^ r -Arg-Lys-NH2 ' "Oab-Dab-NH^ , 

-Dap-Dap"NH2/ -Lys-NH2/ -Lys ( Lau ) -NH2 , -Lys -Arg--NH2 , 

-Lys-Lys-NH2 , -Orr.-NH2 or -0rn-0rn-NH2 • 

10 2. Compound according to Claim 1, charaterized in 

13 4 

that E"*, E and E each is a glutamic acid residue. 

3. Compounds according to any one of the preceding 

2 

claims, characterized in that E is a glutamine residue. 

4. Compounds according to any one of the preceding 
15 claims, characterized in that Y and/or Z is a basic amino acid 

residue wherein the side chain amino group optionally is 
acylated (m =1). 

5. Compounds according to any one of the preceding 
claims, characterized in that n is zero, and Y is a basic amino 

20 acid residue (m =1). 

6. Compounds according to any one of the preceding 
claims, characterized in that Y and Z are both basic amino acid 
residues (m=l,n=l). 

7. Compounds according to any one of the preceding 

25 claims, characterized in that R is a group of the general 

12 12 
formula -NR R wherein R and R^ are the same or different and 

each represent hydrogen or lower alkyl, and preferably R is 

-NH2 . 

8. Compounds according to any one of the Claims 1 

30 through 6, characterized in that R is lower alkoxy, preferably 
tertiary butyloxy . 

9. Compounds according to any one of the Claims 1 
through G, characterized in that R is a residue of a lactr^m 
which preferably contains less than 8 atoms in the lactam ring. 
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10. Compound according to Claim 1, characterized in 
that it is Gln^"^^ , Arg^^ ^ , Thr^"^°-NH^ human insulin, 

Al7 Rll R'*'^ ^ 

Gln^-'\Gln''^-',Thr'^'.^-NH^ human insulin, 

T A17 _ B27 B30 ' . ^ . A17 830 

Gin ,Lys ,Thr • -NH^ human insulin. Gin ,Lys -NH- numan 

, . A17 ^, B30 V. • . . 

insulin. Gin ,Thr -NH- human insulin, 

B13 B27 B3C 

Gin ,Arg ,Thr -NH2 human insulin, 

Gln^^^,Lys^^"^,Thr^^°-NH2 human insulin, G In^^ ^ , Ly s^^ ^ -NH^ hu-an 

insul:.n, Gln^''^,Thr^^°-NH human insulin, Arg^*^ ' , Arg^ ° -nh ^ 

B2 7 B3 0 

human insulin, Arg ,Lys -NH^ human insulin, 

Arg^^'^ ,Thr^^°-NH2 human insulin, Lys^^ , Arg^^ ^ -NH^ human 

insulin, Lys^*^*^ ,Lys^"'*^-NH-^ human insulin, Lys^^ , Thr^ ° -NH ^ 

B^9 B'^fi 
human insulin, Lys -NH2 f de ( B3 0 ) human insulin, Thr -NH2 

human insulin, Lys^"^*^-NH2 ^^^'^ insulin, Lys^'^^ (Lau) -NH2 human 

insulin, Lys^^*^-Arg^'^''--NH2 human insulin, Lys^^°-Lys^^ -NH2 

human insulin, Arg^'^^-NH^ human insulin, Arg^'^^^-Arg^'^ -NH-^ 

B3 0 B3 1 

human insulin or Arg -Lys -NH2 human insulin. 

11 . Injectable solutions with prolonged insulin 
action, characterized in that they contain a compound of the 
general formula I 

A( 1-3) -E-^-A{ 5-6) -Cys-A( 8-16) -E^ -A ( 18-19) -Cys-Asn (A-chain) 



^ I ) 



( B-chai n ) 



B(l-6)-Cys-B(8-12)-L'^-P(14-18) -Cys 

I 

R-Z^-Y^^-Lys-Pro-X-B(26-22 ) -E^^-Gly 

wherein the letters A and B followed by figure? in parentheses 
designate the peptide fragments of the A- and B-chains, 

1 2 

respectively, indicated by the figures in parentheses, E , E , 
3 4 

E andE are the sajne or different each re presenting glutamic 
acid or a neutra] amino acid residue which car^. V.q cr^c.od for by 
nuc ] eot i de seque wco?. , X repr e sen t s an L - 1 hrt?ori i .mo . L - a r g 1 n i nc 
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or L-lysme residue, Y and Z are the same or different and eacr 

represent an amino acid residue wherein any side chain ammo 

group may be acylated and wherein any side chain hydroxy cro-ip 

may be alkylated, and m and n are the same or different and 

each represent zero or one, and R represents an amido or ester 

residue which blocks the C-terminal carbcxyl group of the B- 

chain, with the proviso that not all of E"^ , E*"' , E^' and e"* are 

glutamic acid residues, when X is a threonine residue, or, when 

12 3 4 
E , E. , E and E each is a glutamic acid residue, and X is a 

threonine residue, the group of formula -Y -Z -R represe^-^s 

-NH2/ -Arg-NH2/ -Arg-Arg-NH^ / -Arg-Lys -NH^ , -Dab-Dab -NH , 

-Dap-Dap-NH^, -Lys-NH^ , -Lys(Lau) -NH^ , -Ly s-Arg-NH, , 

-Lys-Lys-NH^ , -Orn-Nh' , -Orn-Orn-NH^ , -7hr-NH^, -Thr-03u^ or 

t t ^ 

-Thr (Bu ) -OBu , 

12. Preparation according to Claim II, characterized 
in that it contains zinc ions, preferably from about 2 to 
about 2 mg zinc per ml, most prefered from about 5 pg to 200 Mg 
zinc per ml. 

13. Zinc solution for use m preparing a more 
prolonged acting solution according to Claim 11 by mixinc 3t 
with a solution containing a compound of formula I stated in 
Claim 11, which zinc solution preferably contains between about 
10 fig and 20 mg zinc per m.l . 

14. A method for preparing a solution according to 
Cla im 11, characterized in that a solution of a com.pound of 
formula I stated in Claim 11, optionally containing zinc, is 
mixed with a zinc solution optionally containing a comr.ounc of 
formula I stated in Claim II, rendering a mixture with, a zinc 
concentration of up to 2 mg/ml , and preferably the content of 
zinc in ea-^h of the two solutions is less than about 4 mg/r.l. 

15. A process for preparing compounds of the general 
formula I stated in Claim 11, characterized in a^ 

transpept idat ing porcine insulin or a compound of the geiioral 
formula II : 
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E ( 1-12 ) -E^-B{ 14 -2 0 ) -e''-B ( 2 2 - 2 6 ) -X -B . 2 S - 2 9 ) - ( -R ) ^ -A ( 1 - 3 ) - 

E -A { 5 - 1 6 ) -E^ - A (18-21) ' (ID 

wherein A and B designate the fragnients of the A- and B-chains 
indicated by numbers in parentheses, Q is a peptide chain with 

5 q a.T:ino acids, q is an integer from 0 co 33, R is Lys or Arg, 

1 2 " 4 , 
and r is zero or one and E , E , E'' , E anc X each are as 

defined in CJain. 11, with a compound of the general formula 

III : 

H-y -Z -R (III) 
m n 

10 where Y, Z, R, m and n each are as defined above, and wherein 
side- chain amino groups and h\'droxy groups in Y and Z 
optionally are blocked with amino and hydroxy protecting 
croups, using trypsin or a trypsin like enzyn-.e as a catalyst, 
or b) coupling a compound of formula IV 

15 A ( 1-3 ) -E^-A( 5-6 ) -Cys-A ( 8-16 ) -E^-A( 18-19 ) -Cys-A.sn (A -chain) 

■ I ; 

S S 
I 

S' S (IV) 



B( 1-6) -Cys-B( 8-12 ) - E'' -B f 14 -18 } -Cys 



Lys-Pro-X-P( 2 6-22 ) -E^^-Gly 



f B - c h a i n ) 



wherein E*"^ , E^ , E"^ , E^ and X each are as defined in Claim 11, 
25 with a compound of formula III by trypsin or a trypsin like 
enzyme . 

16. A method of treatinc diabetics characterized by 
administering a solution according to Claim 11 to human beings 

17. /\ny novel feature or corribinat ion of features 
30 descr ibed her i r. . 
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